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ABSTRACT 


Registration inspection of composit e produ cts during 
the fabrication tit a series 61 Silchproaucts is accom- 
plished by making a two-dimensional image of a prod- 
uct and analyzing the image to determine the location of 
at least one component in the machine direction and the 
location of at least one component in the transverse 
direction. The thus determined locations are compared 
to the desired locations for the respective components 
in the. composite article, and feedback control signals 
are utilized to adjust the fabrication process so that the 
components will be at the desired locations in subse- 
quent products. When a component is outside of its 
acceptable position, the article can be removed from the 
fabrication line without further processing. The inven- 
tion is particularly useful with fabrication lines for the 
production of absorbent articles, such as disposable 
diapers, incontinence devices, sanitary napkins, and the 
like. 

18 Claims, 3 Drawing Sheets 
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APPARATUS AND METHOD FOR 
REGISTRATION CONTROL OF ASSEMBLED 
COMPONENTS 

5 

FIELD OF THE INVENTION 

The present invention relates to a method and appara- 
tus for sequentially inspecting composite products in a 
plurality of such products moving in series in a fabrica- 
tion line to determine the location of selected compo- 10 
nent elements within each inspected product and to 
adjust the fabrication of subsequent products so as to 
maintain the location of the selected component ele- 
ments in subsequent products within acceptable ranges. 

BACKGROUND OF THE INVENTION 

Various products are fabricated in a continuous pro- 
duction line by the sequential addition of components to 
previously supplied components. This is particularly 
advantageous when one or more of the components can 20 
be supplied in the form of a continuous sheet or web. 
Thus, in the formation of disposable absorbent articles 
such as diapers, incontinence devices, sanitary napkins, 
and the like, the liquid impermeable outer layer is nor- 
mally supplied at a point in the fabrication line in the 25 
form of a continuous roll of plastic film and the liquid 
permeable inner liner can be supplied at another point in 
the fabrication line in the form of a continuous roll of 
non-woven fabric, while absorbent pads, waist elastic 
bands, leg elastic bands, and/or other elements can be 30 
supplied at different points in the fabrication line as 
discrete objects. While the outer layer and the inner 
liner can, but need not, be coextensive in their dimen- 
sions, both in the machine direction and in the trans- 
verse direction, the dimensions of most if not all of the 35 
other components represent only a fraction of the di- 
mensions of the outer layer. Thus, it is necessary to 
provide some means for bringing the various compo- 
nents of a single composite product together so that the 
components in the composite product are in proper 40 
registration with respect to each other. However, varia- 
tions in the components or in the operating environment 
can cause components to be mispositioned or even omit- 
ted from a particular composite product Mispositioned 
or missing elements can degrade the quality of the com- 45 
posite product or even render the composite product 
unsuitable for its intended purpose. 

While the in-process products can be inspected manu- 
ally or automatically at various stages along the fabrica- 
tion line, an ineffective or inaccurate inspection may not 50 
maintain the composite product within its design speci- 
fications and/or may not efficiently and accurately cull 
out the unacceptable composite products. Unnecessary 
shut-downs of the fabrication line reduce production 
efficiency and increase product costs. 55 

Various methods and apparatuses have been devel- 
oped for the purpose of inspecting composite products 
which are fabricated from at least one moving web. For 
example, U.S. Pat No. 4,837,715 to Ungpiyakul et aL, 
issued Jun. 6, 1989 to Kimberly-Clark Corporation, 60 
discloses an apparatus for determining the relative loca- 
tions of selected components within a product segment 
of a moving web. Photoelectric detectors can be 
mounted at a plurality of locations along the machine 
direction length of the composite product fabrication 65 
equipment whereby the relative locations of compo- 
nents in the machine direction can be determined. Opti- 
cal brighteners can be incorporated into various compo- 
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nents of the composite product being formed from a 
web, in order to facilitate detection of selected compo- 
nents utilizing an ultraviolet light source. A plurality of 
photoelectric detectors can be disposed serially along 
the machine direction in order to detect the location of 
different selected elements, and the resulting output 
signals can be stored for subsequent association with 
other measurement signals for the same individual prod- 
uct. 

U.S. Pat No. 4,680,205 to Lerner et aL, issued Jul. 14, 
1987, discloses the use of electromagnetic radiation 
shifting indicia incorporated into a component of a 
composite being formed from a web in order to facili- 
tate detection of the component If such component is 
covered up during the fabrication process, an additional 
component having the radiation shifting indicia can be 
added to the product. Only those elements of the web in 
which the shirring indicia is incorporated will be acti- 
vated by ultraviolet light to produce visible light. The 
presence or absence of the thus produced visible light 
can be detected by photoelectric detectors as an indica- 
tion of the presence and position of the selected compo- 
nent A series of photoelectric detectors can be disposed 
serially along the machine direction in order to detect 
the location of the sequentially selected components. 

While such inspections systems may be satisfactory 
for some installations, they are particularly deficient 
when it is desirable to determine the registration of one 
or more components in the transverse direction instead 
of making all of the measurements in the machine direc- 
tion. The machine direction is the direction in which the 
in-process articles move along the fabrication line, 
while the transverse direction is perpendicular to the 
machine direction. Thus, for a continuous web compo- 
nent, the length of the web would be in the machine 
direction, while the width of the web would be in the 
transverse direction. Such conventional apparatuses do 
not provide for the inspection of the registration of web 
components based upon their relative positions trans- 
verse to the machine direction. That is, such conven- 
tional apparatuses are able to measure the machine di- 
rection spacing between selected web components but 
not the transverse direction spacing. 

Another problem is encountered with registration 
detection systems employing a plurality of sensors 
which are located at various points along the length of 
the fabrication equipment. In many composite articles 
produced from at least one continuous web, the contin- 
uous web component is thin and subject to stretching. 
Since it is virtually impossible to maintain the tension of 
the continuous web component constant during the 
various fabrication steps, the degree of stretching that 
the continuous web component undergoes can vary. 
Such stretching can cause variations in the registration 
of the initially deposited components with respect to 
subsequently deposited components or subsequent pro- 
cessing operations. Thus, even though an early compo- 
nent may be initially within its acceptable position 
range, the stretching of the continuous web or the jos- 
tling of the discrete components during the fabrication 
process may result in the early component being outside 
of its acceptable position range in the final composite 
product 

Accordingly, it is an object of the invention to pro- 
vide a method and apparatus which is capable of mea- 
suring the relative positions of components of a com- 
posite article in the transverse direction or in both the 
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^ machine direction and the transverse direction. It is an FIG. 1 is a schematic presentation of a first embodi- 
v object of the invention to pr ovide a more complete ment of a fabrication line incorporating the registration 
} inspec tion ot mejM a fionaTrilaTionsTiips ot components inspection apparatus of the present invention. 
irf^ancgmposite arti cle, particularly in such an article FIG. 2 is a plan view of a representative composite 
produced from at least one continuous web. It is an 5 article which can be fabricated by the apparatus of the 
object of the present invention to conduct, at a single present invention. 

location in the fabrication process, an inspection of the FIG. 3 is a schematic presentation of a second, pre- 
positional relationship of components in a composite ferred embodiment of the apparatus of the present in- 
article. It is another object of the invention to perform vention. 

rapid analyses of web sections as they pass along the 10 DETAILED DESCRIPTION 

machine direction of the fabrication equipment. A fur- 
ther object of the invention is to provide for feedback While the invention is applicable to the production of 
control of the operation of the fabrication equipment to composite articles from only discrete components, it is 
maintain the product specifications within acceptable particularly advantageous for the production of corn- 
ranges. An additional object of the invention is to pro- 15 P 0 ^ ancles which are formed from at least one con- 
vide improved means to cull any defective products. tinuous sh^t or web. Accordingly, for purposes of 
Another object of the present invention is to at least illustration, it will be described in terms of a fabrication 
. reduce, if not eliminate, the need for human monitoring ^ for Producing discrete absorbent articles from a 
and intervention in the fabrication process. continuous outer layer sheet, a continuous liner sheet, 

20 and discrete components such as elastic bands, tapes, 
SUMMARY OF THE INVENTION and absorbent pads. An absorbent article fabrication 

The apparatus and method of the present invention ^ «w*«lin* apparatus for inspecting the registration 
provide for registration inspection of a composite arti- of various components in the resultmg composite absor- 
cle at a downstream point in the fabrication equipment „ * S^raUy indicated at 10 in FIG. 1. Inch- 

using a single image detector which is capable of pro- 25 visual absorbent pads are withdrawn from a source 11 
during a two-dimensional image of the composite arti- thereof and passed by sm^le conveymg means includ- 
ed and evaluating at least portions of the two-dimen- * s ? • "it fa ^™ ^ ^ *or 
sional image to determine the positional relationship of 13> Lmer fab f n K c . m of a S° ntmuous web * 
component of the composite Article in the transverse „ ZT^LL ^ « "7^ *J 
direction. The invention can provide for the determine 30 £^^2 ^f i^ ? i ' 
tion of the positional relationships of components both * C ^ nVC / C * don ? ^°f d fabrication line conveyor 
" * p " J ^ T 1 : v: " 17 * The outer layer m the form of a continuous sheet of 
n the transverse direction andin the machine direction lastic ^ k withdiawn from a 18 thereof, 
of the fabneauon eqmpment The mus detennmed posi- while mdividual ^Hc bands are withdrawn from a 
tional rektionships can be compared to the desired 35 source 19 th^f and are sequentially combined with 
positional relationships and signals representing the the plastic film. The absorbent pads leave the first fabri- 
deviation of the actual positional relationship from the ^ on ^ ^^0, 13 ^ £ dep0 sited on the liner 
desired positional relationship can be used ma feedback fabric upstre am of the nip rolls 15 and 16. The combina- 
control to adjust the operation of the respective compo- don of plastic fllm ^ dastic bands ^ 0 passes between 
nent supply means in order to maintain the position of 40 the ^ rolIs 15 md 16> vAth the absorbent pads being 
that component in each article within its acceptable positioned between the liner fabric and the plastic sheet 
range. The feedback control can also remove defective having the elastic bands thereon. The resulting in-pro- 
articles from the fabrication line without further pro- ^ web ^ transferred from the nip rolls 15 and 16 to 
cessing, thereby providing improved quality control the second fabrication line conveyor 17. Individual 
with respect to the articles produced. 45 tapes are withdrawn from a source 21 thereof and added 
The inspection apparatus of the present invention t o the existing in-process web, and the resulting new 
includes an image-producing means and an image ana- in-process web passes along conveyor 17 and beneath 
lyzing means. The image-producing means creates an applicator roll 22. The resulting composite web travels 
instantaneous two-dimensional image of a composite along the machine direction of the fabrication line 10 
article as it passes through the inspection station in the 50 and proceeds through an inspection station 23. The fully 
fabrication process. The resulting image is conveyed to assembled composite web can be severed transversely 
the image analyzing means which analyzes at least por- a t periodic intervals to form a plurality of discrete ab- 
tions of the image to compare the actual positional rela- sorbent articles, such as the incontinence device illus- 
tionships of selected components of the composite arti- trated in FIG. 2. However, it is to be appreciated that 
cle to the desired positional relationships for the respec- 55 apparatus 10 can be utilized effectively with respect to 
tive components. The image-analyzing means produces the production of other composite articles. The sever- 
an output signal in response to the differential result of ance of the continuous web into discrete composite 
each such comparison. Each output signal which indi- articles can be effected either prior to or subsequent to 
cates an undesirable deviation is then directed to feed- the inspection station 23. 

back control means to regulate the supply of the respec- 60 Each segment of an in-process continuous web which 
tive component to the fabrication system, thereby cor- will became a discrete article can be considered to be an 
recting the fabrication process. in-process article. Thus as the in-process web passes 

BRIEF DESCRIPTION OF THE DRAWINGS ^^^f fabrication steps, various components are 

applied to the web to form a new m-process article untu 
A more complete understanding of the present inven- 65 all of the components have been added, thereby form- 
tion, hs objects, and its advantages will be apparent ing the fully assembled composite web. The exact order 
from the following detailed description read in conjunc- of addition can vary with the type of article or with the 
tion with the accompanying drawings in which: design of the particular article. Thus the elastic bands 
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can be added directly to the liner material rather than lyzed to determine the transverse direction position of 
directly to the outer layer sheet, or they can be added the leg elastic band 38c with respect to inner edge of the 
individually to the in-process web. The relative position left leg cut-out in outer layer 32; area 52 can be analyzed 
of the absorbent pad in an article is determined, at least to determine the transverse direction position of the leg 
primarily, by motor 24 driving roll 12 in synchroniza- 5 elastic band ZSd with respect to inner edge of the right 
tion with the motor 25 which drives nip roll 15 and the leg cut-out in outer layer 32; area 53 can be analyzed to 
rate at which the liner material is withdrawn from its determine the transverse direction position of the left 
source 14. The tapes are applied to the in-process web edge of the thick absorbent section 37; area 54 can be 
by applicator roll 22 in an intermittent manner. Thus, analyzed to determine the machine direction position of 
the relative position of the tapes in an article is deter- 10 the trailing edge of the thick absorbent section 37; area 
mined, at least primarily, by motor 26 driving applicator 55 can be analyzed to determine the machine direction 
roll 22 in synchronization with nip rolls 15 and 16. position of the trailing edge of the leading left ear of 
The desired positional relationships of the compo- absorbent pad 34; area 56 can be analyzed to determine 
nents of a single fully assembled composite article the machine direction position of tapes 39a, 39b and 39c; 
which can be employed as an incontinence device is 15 and area 57 can be analyzed to determine the machine 
depicted in FIG. 2. The orientation of this article during direction position of tapes 39*/, 39e and 39/ These anal- 
fabrication can be such that the machine direction of the yses can be accomplished by determining the location in 
fabrication line extends from the top of FIG. 2 down- the particular area of the electronic image where the 
wardly to the bottom of FIG. 2. The lining fabric has image goes from dark to light or from light to dark, 
been omitted from this illustration for purposes of sim- 20 thereby indicating a component edge. Areas 58 and 59 
plicity. The plastic outer sheet 31 is in the form of a can be utilized to determine the uniformity of the absor- 
rectangle with leg cut-outs 32 and 33. The absorbent 34 bent layer 34, by comparing the grayness of area 58 to 
is in the form of a smaller rectangle, also having leg the grayness of area 59. 

cut-outs 35 and 36. The absorbent pad has a thicker The component positions determined by the image 
crotch section 37 which can be in the form of a thicker 25 analyzer are transmitted to comparator 61, wherein the 
portion which is produced during the manufacture of actual position of each analyzed component edge in the 
the absorbent pad or in the form of a separate absorbent composite article being inspected is compared with the 
pad which is added during the fabrication of the inconti- desired position for that component edge. If the position 
nence device. Elastic bands 38 include waist elastics 38a of a component is outside a predetermined tolerance 
and 386 and leg elastics 38c and 3Sd. Tapes 39 include 30 range, apparatus 10 provides for a system adjustment 
right side (viewed facing in the machine direction) tapes and, if necessary, a culling of the defective product As 
39a, 39£, and 39c and left side (viewed facing in the set forth in detail below, the web component registra- 
machine direction) tapes 39a*, 39*, and 39/ tion inspection apparatus of the present invention pro- 
Following the application of tapes 39, the fully assem- vides the requisite quality control with respect to each 
bled composite web passes through inspection station 35 disposable incontinent device contained in the compos- 
23. Registration i nspection apparatus 41 is located at the ite web. 

Inspection station 23 and comprises a housing 4 2 con- In one version of the embodiment of FIG. 1, light 
taining a camera 43 and light sources 44 and 45 . The sourcesjH and 45 are ultraviolet li^ht ; sources and are 
bottom of the housing 42 is transparent to the light disposed on the same side of the composite web as im- 
emitted by light sources 44 and 45 and to the light to be 40 age-producing means 41. In this version, optical bright- 
detected by the camera 43. QunexaJH can be any suit- eners are incorporated' into various components of the 
able type of vifien earner^ which is capable of creating composite web such that the optical brighteners are 
a two-dimensional image of a single composite article activated by the ultra-violet light to produce light in the 
located beneath it at the inspection station 23. For ex- visible wavelength. Housing 42 prevents camera 43 
ample, camera 43 can be a high shutter speed camera 45 from seeing visible light other than that emanating from 
having a matrix of photodiodes disposed therein the composite web. In this way, image-producing 
whereby the matrix of photodiodes electronically pro- means 41 creates an image of only those components of 
duces a still picture image of the composite article in the the web which include optical brighteners. Those corn- 
inspection station 23. In the apparatus of FIG. 1, camera ponents of the composite web which do not contain 
43 is mounted on the same side of the composite article 50 optical brighteners do not react to the ultraviolet light 
as the light sources 44 and 45, so that the camera 43 to produce light at a visible wavelength and therefore 
produces an image from th ejightjceflected or emitted will not appear in the image produced by image-pro- 
from the top of the composite article. ducing means 41. 

The image produced by camera 43 provides an elec- In an alternative embodiment of the present invention 
tronic representation of the positional relationships of 55 depicted in FIG. 3, a backlighting light source 62 and a 
the various light reflecting components of the compos- light diffuser 63 are disposed on the opposite side on the 
ite article, permitting an inspection of the presence and composite web from camera 43. Diffuser plate 63 pro- 
relative placement of the various components. This vides for proper diffusion of light from the backlighting 
electronic image is transmitted to image anal yzer. 46. light source 62 such that a substantially constant inten- 
While it is possible to analyze the en are image, it is 60 sity of light is created across the area of the web being 
preferable to analyze only selected areas of the image. inspected. In this embodiment, those components of the 
Thus, with regard to FIG. 2, area 47 can be analyzed to composite web which are opaque or are substantially 
determine the machine direction position of waist elas- opaque, will produce dark zones in the electronic image 
tic band 38Z> with respect to the leading edge of the produced by camera 43. Those areas of the web which 
article; area 48 can be analyzed to determine the ma- 65 are relatively translucent will appear as light zones, 
chine direction position of the waist elastic band 38a Ultraviolet light sources 44 and 45 or backl i ghting 
and the trailing edge of absorbent layer 34 with respect light so urce 6 2 are preferably strobed at a rate directly 
to the trailing edge of the article; area 51 can be ana- propomo'naJ to the rate at which the web travels along 
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the machine direction of the fabrication system able; (2) marginally forward; (3) marginally retarded; 

whereby the products contained in the web are effec- (4) unacceptably forward; or (5) unacceptably retarded, 

tively **stopped" for registration inspection. Where Similarly each element of the composite web analyzed 

camera 43 is a high shutter speed camera, the shutter by apparatus 10 for its position in the transverse direc- 

speed can be synchronous to the strobe such that the S tion can be in one of five conditions: (1) acceptable; (2) 

shutter is open upon each strobe of light sources 44 and marginally to the left; (3) marginally to the right; (4) 

45 or light source 62. unacceptably to the left; or (5) unacceptably to the 

Camera 43 preferably contains an array of photodi- right. With regard to the second set of output signals, 
odes positioned to detect the light reflected from or control signal generator 70 produces no signal when the 
transmitted through the web to camera 43. In one em- 10 respective web component is in an "acceptable" po si- 
bod iment of the present invention, the effective size of tion. If a particular component is marginally retarded, a 
the photodiode array is 256 vertical columns by 240 marginally retarded "on" signal will be generated by 
horizontal rows. This pattern divides each incoming control signal generator 70 with respect to the particu- 
image into 61,440 units known as pixels. In another Iar component. A marginally forward "on" signal indi- 
embodiment, the effective size of the photodiode array 15 cates that a one increment adjustment forward of the 
is 512 vertical columns by 240 horizontal rows, provid- appropriate supply mechanism is necessary. A margin- 
ing 122,880 pixels. In these embodiments, the photodi- ally forward "on" signal is generated when a particular 
odes are able to produce any one of 256 "gray scale" element is marginally forward, causing a one increment 
values corresponding to the amount of light received by retarded adjustment with respect to the element. Com- 
that pixel, a low gray scale value representing a low 20 parable "on" signals are created when an element is 
amount of light. marginally left or marginally right. If a particular ele- 

Image-analyzing means 61 can be any suitable pro- ment is unacceptably retarded, the second set of output 
grammable computer. For example, the VTDEK signals produces an unacceptably retarded "on" signal. 
RM1000 Vision Controller can be used as an image- Such an unacceptably retarded "on" signal indicates 
analyzing means 61. The VTDEK RM1000 is able to 25 that a one increment adjustment forward of the appro- 
perform linear measurements and real time image en- priate component supply mechanism is necessary, as 
hancements on signals generated by the photodiodes. described above. In addition, the unacceptably retarded 
These measurements can then be compared to a prede- "on" signal indicates that the unacceptable composite 
termined set of manufacturing tolerance levels for the article should be removed from the fabrication line 
purpose of determining whether the discrete product 30 without further processing. This can be accomplished in 
being inspected falls within acceptable manufacturing the embodiment of FIG. 3 by culler 72 diverting the 
tolerances. Image-analyzing means 61 produces an elec- unacceptable article from the fabrication line to a cull 
trical output signal for each such comparison, with the disposal line 73 in response to the receipt of a cull signal 
output signals being transmitted to control signal gener- from comparator and signal generating means 70. 
ator 70. Control signal generator 70 can be any suitable 35 In the embodiment of the invention depicted in FIG. 
type of controller, either of the analog type or of the 1, motors 24, 25, and 26 and supply mechanisms 18, 19, 
digital type. When a programmable digital computer is and 21 are connected to receive output signals from 
to be employed to generate the control signals, it can be control signal generator 70. When waist elastic bands 
separate from comparator 61 or a single such computer 38a and 386 and leg elastic bands 38c and 3&d are within 
71 (as in FIG. 3) can be employed to accomplish both 40 their acceptable positions, control signal generator 70 
the function of comparison and the function of control does not deliver an "on" signal to motor 19, thereby 
signal generation. In the right environment, a single maintaining the current orientation of the elastic bands, 
digital computer can be employed to accomplish the However, when the placement of waist elastic band 38c 
functions of image analyzer 46, comparator 61 and con- or 3Sb is marginally forward or marginally retarded 
trol signal generator 70. However, it may be desirable 45 from their acceptable positions, or when the placement 
for at least some of the control signals to be in analog of leg elastic band 38c or 38o* is marginally to the left or 
form. marginally to the right from their acceptable positions, 

In one embodiment of the present invention, control control signal generator 70 delivers an "on" signal to 

signal generator 70 produces two distinct sets of output the elastic band supply mechanism 19 to effect a one 

signals. The first set of output signals represents the SO increment phase shift with respect to the application of 

numerical representation (in inches, millimeters, or pix- the respective pair of elastic bands, 

els) of the variation in position of each component of In one embodiment of the present invention, optical 

the particular composite article from its predetermined brighteners are incorporated at the terminal ends of 

desired position. The variance signals for a particular continuous web elements of the composite article. In 

component position in a series of successive articles can 55 this way, a splice from one roll to a subsequent roll of 

then be averaged to produce a trend signal, which indi- the continuous web element can be detected by the 

cates the existence of any movement trend for that apparatus of the present invention. It is desirable that 

particular component position. These trend signals can the finished product containing such a splice be culled 

be utilized to control one or more of the mechanisms from the fabrication line as an unacceptable product 

which supplies the respective components to the fabri- 60 Comparator 61 and control signal generator 70 are 

cation line. In addition, these signals can be stored and preferably designed to average conflicting signals 

subsequently downloaded for review. which occur simultaneously for a given supply mecha- 

The second set of signals represents a series of "on" nism, such as a "marginally forward" signal for waist 

or "off" signals generated as a result of the comparison elastic band 38a and a "marginally retarded" signal for 

of the actual component position with the desired com- 65 waist elastic band 3Sb. If the conflict persists, the can- 

ponent position. Each component of the composite web trol signal generator 70 can activate an alarm signal to 

analyzed by apparatus 10 for its position in the machine inform the operator of the problem. When the position 

direction can be in one of five conditions: (1) accept- of elastic bands 38 are unacceptable, control signal gen- 
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erator 70 delivers an "on" signal to supply mechanism 
19 in order to effect a one increment phase shift for the 
respective pair of elastic bands and also transmits a 
culling signal to culler 72 which then removes the de- 
fective product from the fabrication line. 5 

The magnitude of a single increment of control action 
can vary from component to component within a par- 
ticular composite article and from one type of compos- 
ite article to another type. Thus, it is desirable to em- 
ploy supply mechanism controllers which are adjust- 10 
able in order to accommodate changes in production 
practices. Where the supply mechanism controllers can 
be continuously varied, the first set of output signals 
(either original or averaged) can be transmitted to the 
supply mechanism controller to effect the desired varia- 15 
tion in the supply of the respective component 

Due to the linear displacement along the machine 
direction of the supply mechanisms from image-produc- 
ing means 41, control signal generator 70 is preferably 
programmed to take the respective lag time into consid- 20 
eration in the establishing of the respective control 
signal. A lag time corresponds to the time it takes for an 
adjustment in a respective supply mechanism to affect 
the position of the respective component in the compos- 
ite article which is being inspected by image-producing 25 
means 41. 

In order to avoid frequent adjustments to the supply 
mechanisms, it is preferred that control signal generator 
70 "average" or "trend" a predetermined number of 
composite articles, and utilize such averaged values to 30 
signal changes to the supply mechanisms. For example, 
rather than causing a phase shift in response to each 
composite article which is outside the "acceptable" 
range, control signal generator 70 can "trend" a prede- 
termined number of inspected composite articles and 35 
cause a phase shift only if the average position of a 
particular element is outside the "acceptable" range. 
This feature prevents undue phase shifts and reduces 
wear on the system. 

Although the present invention has been disclosed 40 
herein with respect to preferred embodiments, it will be 
apparent to one of ordinary skill in the relevant art that 
various and further modifications may be made without 
departing from the true spirit and scope of the inven- 
tion. The present invention can be used on either a 45 
continuous web fabrication system as illustrated in the 
drawings or a discrete unit fabrication system wherein 
all of the components are provided to the fabrication 
line in discrete form. While the positional relationships 
of the components have been described in terms of 50 
locations in the machine direction or locations in the 
transverse direction, the positional relationship can be 
at an angle to the machine direction other than 90*. 
Thus a combination of measurements in both the ma- 
chine direction and the transverse direction can deter- 55 
mine the position of a component at any desired angle 
with respect to a reference point Such registration 
inspection can be performed with respect to each article 
or only for selected articles as they move in the machine 
direction past the image detector. 60 

I claim: 

1. An apparatus for fabricating a composite article 
from a plurality of components so that selected compo- 
nents thereof have positional relationships within ac- 
ceptable ranges, the apparatus comprising: 65 
a fabrication line with a machine direction and a 
transverse direction, the fabrication line compris- 
ing a supply of each of said plurality of compo- 


nents, means for withdrawing a first one of said 
plurality of components from its supply and depos- 
iting it at a first point in said fabrication line, means 
for moving the thus deposited first component 
along the machine direction of the fabrication line, 
means for withdrawing a second one of said plural- 
ity of components from its supply and adding the 
thus withdrawn second component to the first 
component at a second point in said fabrication line 
downstream of said first point to form an in-process 
article, and means for withdrawing each of the 
remaining components from the respective supply 
thereof and sequentially adding it to a previously 
formed in-process article to form a new in-process 
article until all of said plurality of components have 
been added, thereby forming a composite article; 
means for creating a two-dimensional image of the 
composite article at a single station in said fabrica- 
tion line, said means for creating a two-dimensional 
image comprising a high shutter speed camera 
having a matrix of photodiodes disposed therein 
whereby said matrix of photodiodes electronically 
produces a still picture image of said composite 
article; 

means for analyzing at least portions of said electroni- 
cally produced still picture image to establish the 
location of at least one edge of at least one of said 
selected components in said composite article with 
respect to the transverse direction of said compos- 
ite article in said fabrication line and to establish the 
location of at least one edge of at least one of said 
selected components in said composite article with 
respect to the machine direction of said composite 
article in said fabrication line; 

means for comparing each of the thus determined 
locations to a respective predetermined desired 
location to determine any variation between the 
respective determined location and the respective 
desired location; 

means for generating a control signal responsive to 
any thus determined variation which is outside of 
the acceptable range for the location of the respec- 
tive component; and 

means for utilizing each thus generated control signal 
to control the addition of the respective component 
to the in-process articles on the fabrication line to 
promote the actual position of the respective com- 
ponent in subsequently produced composite arti- 
cles being within its acceptable range. 

2. Apparatus in accordance with claim 1 wherein said 
means for creating further comprises a radiation source 
positioned adjacent said fabrication line at said single 
station to provide illumination for said camera. 

3. Apparatus in accordance with claim 2 further com- 
prising means for strobing said radiation source at a rate 
directly proportional to the rate at which the composite 
article travels along the machine direction. 

4. Apparatus in accordance with claim 3 wherein said 
radiation source is an ultraviolet light source mounted 
on the same side of said article as said camera, whereby 
the ultraviolet light activates optical brighteners incor- 
porated into preselected components of said composite 
article such that said camera produces an image of said 
preselected components of said composite article. 

5. Apparatus in accordance with claim 4 wherein said 
means for analyzing further comprises a programmable 
digital computer for analyzing at least portions of said 
electronically produced still picture image to establish 
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the locations of at least one edge of each of said selected nent in subsequently produced composite articles 

components in said composite article. being within its acceptable range. 

6. Apparatus in accordance with claim 5 wherein said 9. A method in accordance with claim 8 wherein the 
means for utilizing each thus generated control signal to step of utilizing each thus generated control signal to 
control the addition of the respective component com- 5 control the addition of the respective component to the 
prises a phase shifting means which responds to the in-process articles on the fabrication line comprises 
control signals to control the relative phases of addition averaging a sequentially produced plurality of the thus 
of said components. generated control signals for a respective component to 

7. Apparatus in accordance with claim 1 wherein said obtain a trend signal, and employing the trend signal to 
means for utilizing each thus generated control signal to 10 control the addition of the respective component to the 
control the addition of the respective component to the in-process articles on the fabrication line to promote the 
in-process articles on the fabrication line comprises actual position of the respective component in subse- 
means for averaging a sequentially produced plurality quently produced composite articles being within its 
of the thus generated control signals for a respective acceptable range. 

component to obtain a trend signal, and means for em- 15 10. A method in accordance with claim 8 wherein at 

ploying the trend signal to control the addition of the least one of said components is a continuous web and 

respective component to the in-process articles on the each composite article is a segment of the resulting 

fabrication line to promote the actual position of the composite web. 

respective component in subsequently produced com- 11. A method in accordance with claim 10 further 

posite articles being within its acceptable range. 20 comprising placing optical brighteners on predeter- 

8. A method for fabricating a composite article from mined components, said optical brighteners having the 
a plurality of components so that selected components ability to produce light in the visible wavelength range 
thereof have positional relationships within acceptable in response to excitation by ultraviolet light; and 
ranges, the method comprising the steps of: wherein the step of creating a two-dimensional image of 

withdrawing a first one of said plurality of compo* 25 a composite article comprises iUurninating a segment of 

nents from a supply thereof at a first point in a said composite web with ultraviolet light, whereby said 

fabrication line and passing the first one along the image indicates the position of the components contain- 

machine direction of the fabrication line; ing the optical brighteners. 

withdrawing a second one of said plurality of compo- 12. A method in accordance with claim 10 wherein at 

nents from a supply thereof and adding the second 30 least one of said selected components is supplied to the 

one to the first one to form an in-process article; fabrication line as a discrete object. 

withdrawing the remaining components from the 13. A method in accordance with claim 8 further 

respective supplies thereof and adding the remain- comprising: 

ing components at subsequent points in the fabrica- generating an article cull signal when the location of 

tion line to the previously formed in-process article 35 at least one component of said composite article is 

to form a new in-process article until all of said not within its predetermined acceptable range; and 

plurality of components have been added, thereby culling said composite article from the fabrication 

forming a composite article; line in response to the generation of the article cull 

creating a two-dimensional image of the composite signal, 

article at a single station in said fabrication line 40 14. A method in accordance with claim 8 further 

using a high shutter speed camera having a matrix comprising storing each of the thus generated control 

of photodiodes disposed therein said matrix of pho- signals whereby the thus stored signals can be subse- 

to diodes electronically produces a still picture of quently downloaded for review, 

said composite article; 15. A method in accordance with claim 8 wherein 

analyzing at least portions of said electronically pro- 45 said composite article is a disposable absorbent article, 

duced still picture image to establish the location of 16. A method in accordance with claim 8 wherein 

at least one edge of at least one of said selected said composite article is a diaper and the components 

components in said composite article in the trans- whose location is being determined include an absor- 

verse direction and to establish the location of at bent pad, leg elastic elements, waist elastic elements, 

least one edge of at least one of said selected com- SO and tape elements. 

ponents in said composite article in the machine 17. A method in accordance with claim 8 wherein 

direction; said composite article is an incontinence device and the 

comparing each of the thus determined locations to a components whose location is being determined include 

respective predetermined desired location to deter- an absorbent pad, leg elastic elements, and waist elastic 

mine any variation between the respective deter- 55 elements. 

mined location and the respective desired location; 18. A method in accordance with claim 8 wherein 

generating a control signal responsive to any thus said step of creating a two-dimensional image comprises 

determined variation which is outside of the ac- providing a radiation source adjacent to said single 

cep table range for the location of the respective station to provide illumination of the composite article 

component; and 60 in said single station, and strobing said radiation source 

utilizing each thus generated control signal to control at a rate directly proportional to the rate at which the 

the addition of the respective component to the composite article in said single station travels along the 

in-process articles on the fabrication line to pro- machine direction. 

mote the actual position of the respective compo- * * * * * 

65 
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